Abstract. Simulation technology is a comprehensive technology based on a variety of disciplines and theories, using computers and corresponding software to analyze and solve problems by simulation experiments, which is widely used in most fields of science and technology. Credibility is the key to system simulation, and the lack of sufficient credibility of the simulation is meaningless. At present, most control methods about the simulation credibility are put forward from the manager's perspective, which has not much practical significance for the user. In this paper, simulation credibility analysis approach, concept composition and analysis process based on the user's perspective those build the simulation credibility analysis framework are proposed, and existing simulation credibility analysis technology are summed up.
Introduction
The simulation technology is a multidisciplinary integrated technology based on the similarity principle, model theory, system technology, information technology and some professional technology about simulation application, taking the computer system, physical effect related to application and the simulator as tools, also using the system model to do research, analysis, testing and operation on the actual or the imagination system [1] . The simulation has the characteristic of reproducible, non-destructive, safe, and cheap. Therefore, it is widely used in the fields of electric power, chemical industry, aviation, aerospace, navigation and so on, and has achieved good application effect. Simulation is a model description of the real world. It is affected by the factors such as model granularity, the accuracy of the algorithm and the reliability of the software, so the simulation results must have error. The simulation system lack of sufficient credibility has no application value, and its simulation results will even mislead decision makers. So, we must clearly understand how much credibility is when using simulation methods to analyze some problems.
In recent research, simulation credibility analysis is mostly based on the VV&A framework. Simulation credibility can be analyzed and ensured by three parts, which are the concept model validation, simulation model validation and simulation results accreditation. The VV&A method is used to control the simulation confidence from the perspective of the manager. For the manager, the simulation is a white box, because the concept model, the simulation model and the simulation algorithm are known. The VV&A framework can indeed be used to analyze and improve simulation reliability. However, for most users, the simulation program is a gray box or even a white box. They only understand the physical process in the reality and know little about the internal situation of simulation program. Meanwhile, the same simulation model and program in different application background and purpose will usually have different simulation credibility. Then, how to analyze the simulation credibility from user perspective is the focus of this study.
This paper presents a simulation credibility analysis framework based on the user's perspective and summarizes the methods for analyzing the simulation credibility under this framework, which provides a new perspective and ideas for simulation credibility analysis.
Simulation Credibility Analysis Framework Based on User's Perspective Simulation Output Data Analysis Approach
Simulation output {Yn} can be obtained when input X is known. There are four ways to do credibility analysis according to the output data shown in Fig 1) To analysis whether the properties of the single parameter are in accordance with its own physical meaning or formula limits, or whether the trend of single parameter is in line with expectations, such as single parameter's positive and negative situation, value range, monotonicity and periodicity. 2) To analysis whether the correlation between multiple parameters conforms to expectations, for example, two parameters' value sizes, changes in the nature of the synchronization, causality and so on. 3) To analysis whether the relationship between input parameters and output data is simulated, for example, impacts of different input parameters on the output data. 4) When reference data can be obtained, the approximate degree between simulation output data and reference data can be analyzed.
The Aspect of Simulation Credibility
The four methods in section 2.1 can be summarized as three properties of simulation, which are correctness, effectiveness and accuracy shown in Fig.2 . These three properties describe the simulation credibility from three different perspectives. The first two statements are the correctness of the simulation. Correctness can be used to measure whether simulation output parameters can meet with the requirements and expectations, mainly to investigate whether the characteristics of simulation output parameters are in accordance with the basic requirements and the actual situation.
The third method is to express the effectiveness of simulation. Effectiveness can be used to measure whether the logical relationship between simulation output and input parameters is effectively realized, mainly to investigate the effect of input parameters on the output parameters.
The fourth way is to express the accuracy of simulation. Accuracy can be used to measure the approximate degree of the simulation output parameters and the reference value. Different from the conclusion of correctness which contains only two situations of right and wrong, the results of accuracy are diverse and can answer the correct degree of simulation.
Simulation Credibility Analysis Process
Correctness is mainly used to do research on the characteristics of guaranteed simulation output data. Effectiveness is mainly used to do research on the relationship between simulation output parameters and input parameters. Accuracy is mainly used to do research on similar degree between simulation output data and reference data. These three properties have more in-depth layers and more difficult to study by degrees shown in Fig.3 .
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In previous studies, simulation credibility is mainly about simulation results' consistency check. Simulation credibility can be measured by analyzing the consistency between simulation results and reference data. However, analysis results of simulation credibility are not comprehensive when calculating the approximate degree between simulation output data and reference data directly while ignoring the premise that the simulation results are correct and valid or not. Correctness is the premise, effectiveness is the foundation, and the accuracy of numerical value is the goal of quantitative analysis on simulation credibility. In the process of quantitative analysis on simulation credibility, further research is worth being done when every step is in line with expectations. It is meaningless to do accuracy measurement in the absence of correctness and effectiveness analysis. Therefore, this paper proposes to analyze simulation credibility step by step from three aspects: correctness, effectiveness and accuracy.
Overview of Simulation Credibility Analysis Based on User's Perspective
When carrying on the simulation credibility analysis, there is no one method to solve all problems. One proper method should be adopted to do simulation credibility analysis according to the characteristics of the simulation output, the purpose of the simulation, analysis requirements and so on. In this section, an overview about the methods used in simulation credibility analysis will be done from three aspects which are correctness, effectiveness and accuracy, combined with the research status of time series analysis methods, test methods on simulation results, analysis methods on simulation output and so on.
Correctness Analysis
As the static output is relatively simple, in this section, some correctness analysis method about dynamic output will be mainly introduced. As for time series, trend analysis, feature extraction, steady-state analysis, regression analyses and so on are mainly used. Also, relevance test, regression analysis and synchronous analysis are used for multiple time series.
Single Parameter Analysis. Ma Shexiang [2] introduced a method of wavelet-based analysis for non-stationary time series. By wavelet decomposing, time series is decomposed into many series according to scale. Trend term, cycle term and stochastic term are separated from original time series in this way.
Sarin H [4] proposed a feature extraction method based on time series error evaluation, which can minimize the influence of other errors and make the error evaluation relatively independent when quantifying a certain error. Song Biwei [3] introduced derivative test method. As for the same measured signal data, there are N sampling reconstruction data. Since each reconstruction will have random noise (or noise reduction), each reconstruction data will have change, in this case, derivative with the same symbol and similar value can express the goodness of reconstructed data.
Wang Hao [5] thinks that as for a good combat simulation system, its result should be steady-state, so we can analyze these steady-state data and set up a linear regression model to calculate explained sum of squares (ESS) and residual sum of squares (RSS). The higher the value of ESS divided by the value of RSS, the better the fit.
Multi-parameter Analysis. Fu Huimin [6] presented a correlation test method for dynamic simulation results, which can test autocorrelation of time series and cross correlation between two-time series according to the measured sample functions.
Wang Hao [5] proposed that when simulation inputs or simulation results are multiple, it is necessary to extend the single equation model to multivariate linear regression model. According to the significant F test of row equation, significance level can be given which can be used to reject the null hypothesis and determine whether the linear relationship of the original equation was significantly established.
Li Hailin [7] proposed a method of asynchronous correlation analysis based on dynamic time warping．It used dynamic time warping to obtain the best warping path between time series and extended its elements to two new series which reflected the asynchronous correlation between the original time series. Finally, it computed the correlation coefficient between the new series to achieve the measurement of the asynchronous correlation between the original time series.
Cao Wenping [8] proposed a test method used in abnormal time series based on correlation analysis. The original time series is smoothed by the sliding window method. The processed time series are segmented by fixed length. The correlation coefficient of each mode and other modes is calculated to determine the modes correlation. To calculate the modes correlation proportion can be used to determine the abnormal mode.
Han Min [9] considered the feature of chaotic time series that may produce synchronization in the phase space although there is no obvious correlation among the amplitudes of various components, a nonlinear correlation analysis algorithm based on phase space synchronization is presented.
Effectiveness Analysis
The effectiveness of this article is actually sensitivity, which is used to describe the effect of one or more uncertainty input parameters on the result of the model, that is, the sensitivity of a changing particular parameter or changing parameter combination on the model. Sensitivity analysis can identify the input parameters which play a decisive role in the model results and improve the model's credibility or prediction accuracy. According to the scope of sensitivity analysis, we can divide it into local sensitivity analysis and global sensitivity analysis. Local sensitivity analysis only examines the influence of single property on the model, while global sensitivity examines the total influence of multiple properties on the model and can analyze the effect of the interaction between multiple properties on model results.
Local Sensitivity Analysis. Morris screening method [10] is a widely used method for local sensitivity analysis. Morris screening method selects one of the model variables while the other parameters are fixed, randomly changing within the threshold range of the variables, and operates the model to get the objective function value, using the impact value to judge the influence of changing parameter on the output.
Garson D G [11] proposed a sensitivity analysis method using connection weights obtained by neural networks. Garson algorithm is a representative of sensitivity analysis method based on connection weights, and the influence degree or relative contribution value of the input variable to the output variable is calculated by the product of the connection weight.
Olden and Jackson [12] proposed a method for calculating the influence degree or contribution degree of a single input variable to the output variable, which is named as randomization test approach.
Global Sensitivity Analysis. Fang Shengen [13] developed a stochastic response surface-based method for the sensitivity analysis of uncertain parameters. Sensitivity coefficient describes the effects of parameter means and standard deviations.
Chen Taicong [14] developed an artificial neural network method to compute the sensitivity indices. From the mathematical relationships between output variables and input parameters in the trained two-layer perceptron, the first-order derivative sensitivity indices can then be deduced in exact mathematical terms of both normalized and raw input/output data. By this artificial neural network method, the sensitivity indices of multiple parameters are able to be computed at one time through uniform and simple formula, regardless of the system characteristic, i. e. static or dynamic, one stag e or multiple stages.
Sobol index method [15] is a global sensitivity analysis method based on variance. It can be used to estimate sensitivity of a single input and multiple input interactions by calculating the contribution of a single input to the output variance and the contribution of multiple inputs to the output variance.
Muriel Gevrey [16] proposed the PaD2 method. This method is mainly aimed at the forward network, such as BP network or multi-layer perceptron network, and examines the influence of the interaction between two variables in the input variables on the output variables.
Accuracy Analysis
Accuracy analysis aims to give a quantitative result. For static data, Bayesian hypothesis test, correlation calculation and confidence calculation can be used. For dynamic data, distance calculation, principal component analysis, similarity coefficient method, spectrum estimation method, time-frequency analysis method and so on can be used.
Static Simulation Results Analysis. Li Shu [17] uses the empirical Bayes method to examine whether simulation data and actual output share the same distribution under the condition of small sample.
Tang Shuchun [18] studied the recognition of static combat simulation results, the consistency of experimental data and simulation results, and gave the reference criteria about recognition of static combat simulation results, also the general method to judge the validity of the simulation model. In this paper, the method of correlation coefficient, Theil inconsistent coefficient method and stationary series' time domain analysis are used.
Zhang Changnian [19] studied the verification methods on the simulation models, according to the real output of the real system and the output of results on the simulation. In addition, in order to determine whether the computer simulation test is correct or not, based on the results of the simulation test on normal distribution, the validation of simulation results for both the parameters and population's characteristics are discussed in detail, when the results on the simulation test are different sample size.
Xing Ji-juan [20] established the model of model confidence test and conducted a confidence test on the existing equipment demonstration models. Confidence method is one important statistical test method of quantitative analysis about simulation model validity confirmation.
Dynamic Simulation Results Analysis. Fu Huimin [21] presented a concept of mean Mahalanobis distance between time series and its simulation result and a distance test method for dynamic simulation results is established.
Considering the correlation between the output and reducing output dimensions, Wang Haiying [22] proposed a comprehensive verification method using principal component analysis and interval principal component analysis to set up a process to test multiple uncertain simulation results based on different output forms of simulation system. Kheir [23] first proposed the TIC Coefficient method for simulation model verification and validation. TIC method is to construct a scalar function according to sampling data of the practical system and output data of the simulation model under the situation of the same input. The scalar function is taken as an indicator of consistency test and is used to make judgments on whether the simulation output is accepted.
Deng Julong [24] proposed a gray correlation analysis model to determine the relationship between different sequences according to the geometric shape of the sequence curve. Liu Shikao [25] put forward the theory of simulating system model verification based on similarity theory and the method of simulating the confidence level, which can determine the credibility of simulation system by calculating the similarity of actual system and simulation system.
Montgomery [26] proposed that the Fourier spectrum estimation and analysis method is to obtain the power spectrum function of the measured sample sequence and the simulated sample sequence in the frequency domain through the traditional Fourier cosine transform. This method is to determine the consistency of the measured results and simulation results according to the consistency of power spectrum based on the approximate distribution of the sample power spectrum estimation.
Wei Hualiang [27] put forward a method to test the effectiveness of the missile system simulation model by using cross-spectrum. This method can simultaneously give some relevant information and quantitative estimates of the relationship between simulation model's output and actual system's output on spectral amplitude, phase, gain, correlation and spectrum quotient.
Yang Baomin [28] proposed a two-dimensional cross-correlation analysis method based on time-frequency analysis. It is pointed out in this paper that if the consistency tests of simulation results in time domain or frequency domain alone cannot reflect the time and frequency of dynamic simulation results. Thus, time-frequency analysis is proposed to test the dynamic consistency of simulation.
Summary
Based on the specific application background and user demand, the simulation credibility analyzed from the user's perspective is the premise of using simulation technology to solve specific problems. First, this paper analyzes the four ways of the simulation credibility analysis, which can be summarized into three aspects: correctness, effectiveness and accuracy. Then, the relationship between these three properties is analyzed and a simulation credibility analysis frame is proposed.
Finally, the methods to analyze simulation credibility under this frame are summarized according to simulation output. In the actual analysis process, the appropriate method should be selected according to the specific situation. This paper provides a new perspective to analyze simulation credibility.
